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PORTABLE OUTGAS DETECTION APPARATUS 

This invention was made with Government support under Contract No. DE- 
AC04-94AL85000 awarded by the U.S. Department of Energy to Sandia 
Corporation. The Government has certain rights to the invention. 

FIELD OF THE INVENTION 
The invention relates to a portable detector for measuring outgas that is 
emitted from large structures or assemblies and particularly to a portable detector 
that employs a mass spectrometer for obtaining qualitative and quantitative 
information regarding the outgas. 

BACKGROUND OF THE INVENTION 
The ability to produce high quality microelectronic devices and reduce 
yield losses is strongly dependent upon maintaining the surfaces of various 
photolithographic components substantially contaminant and defect-free. This is 
particularly true as design rules drive integrated circuits to finer feature size. 
Contaminants can manifest as outgases from assembled parts. For small 
assembled structures one method of detecting outgas is to place the structure in a 
vacuum chamber and analyze the gases that may be present. However, with large 


assembled structures this procedure is not practical. Moreover, while the 
individual components of a large assembled structure can be tested separately prior 
to assembly, there is a need to test the assembled structure itself as well as to 
perform the analysis at the site where the assembled structure is to be employed. 
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SUMMARY OF THE INVENTION 
The invention is directed to a portable apparatus and process for detecting 
surface contamination. 

10 In one embodiment, the invention is directed to an apparatus for 

detecting outgas contaminants generated from an article that includes: 

a portable housing that has a chamber which is in communication 
with a port that is adapted to be sealably attached to a surface of the article; 

a mass spectrometer that is coupled to the chamber for analyzing 
1 5 gaseous materials in the chamber; and 

means for generating a vacuum within the chamber thereby drawing 
outgas contaminants from the surface of the article into the chamber for analysis 
by the mass spectrometer. 

20 In another embodiment, the invention is directed to a method of analyzing 

gas contaminants that are generated from an article that is located within an 
environment, said method including the steps of: 

(1) performing a mass spectrometric analysis of the 

environment; 

25 (2) performing a mass spectrometric analysis of gas emanating 

from the article; and 

(3) comparing the analyses from steps 1 and 2 to determine what 
gas contaminants, if any, are generated from the article. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1 and 2 illustrate embodiments of the portable outgas detection 
apparatus; and 

Figures 3 and 4 are mass spectrometer outputs from background and outgas 
measurements, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 illustrates one embodiment of the portable outgas detection 
apparatus 10 which includes of a four-sided vacuum cross 12 which defines a 
chamber 28. A mass spectrometer 16, pressure gauge 18, and vacuum pump 14 
are mounted on three branches of the vacuum cross 12. The open orifice of the 
lower branch has an o-ring 22 that seals against a surface to be tested. The 
apparatus further includes data processor 30 that generates data, e.g., mass 
spectrographs. The data processor can comprise a computer and other electronic 
devices known in the art. 

In operation, a background mass spectrum is first taken from a known 
clean area of the test surface using the apparatus. This can be done by placing the 
open orifice over the known clean surface and activating the vacuum pump to 
create a sufficient vacuum within the chamber of the apparatus for mass 
spectrometric analysis. The vacuum will draw normal background air into the 
chamber for analysis. Typically the vacuum pump should be sized to maintain a 
pressure within the chamber that is suitable for mass spectrometer analysis which 
is typically less than 0.1 mTorr. 

Subsequently, one or more spectra are taken from surface area of interest. 
For example, as shown in Figure 1, a threaded hole 26 or other feature defined on 
article 24 can be the source of outgas from residual materials within the hole. The 
open orifice is placed over hole 26 and a mass spectrometric analysis is performed. 


By comparing the subsequent mass spectrum with the mass spectrum of the clean 
background, it is possible to determine the specific types and amounts of 
contaminants present. In this fashion, the cleanliness and therefore the cleaning 
procedure can be verified. 

Figure 2 illustrates another embodiment of the portable outgas detection 
apparatus 40 which has a bell shaped housing 42 that defines chamber 50. The 
apparatus includes plurality of flanged ports 44, 46 to which the mass spectrometer 
(not shown), vacuum pump (not shown), and pressure gauge (not shown) can be 
coupled. The apparatus has a lower port that is adapted to rest on top of a surface 
to be tested. The port includes a suitable seal 48 such as an o-ring. 

The two apparatus shown in Figures 1 and 2 are particularly suited for 
testing articles with flat surfaces. In the case where the surface is not flat, these 
apparatus can be easily modified by changing the contour of the port to match that 
of the surface of interest. 


To demonstrate the effectiveness of the present invention, a device similar 
to that shown in Figure 1 was constructed and tested. The device was employed to 

20 measure the presence of possible contaminants from metal surfaces that included 

blind threaded holes. The device included (1) a vacuum cross from MDC 
Vacuum Products Corp., Hay ward CA (model 405034), (2) a mass spectrometer 
including software from Stanford Research Systems, Sunnyvale CA (model RGA 
200), and (3) a turbo pump from Pfeiffer Vacuum, Nashua NH (model TMV 180 

25 HM). A standard laptop computer was used to control and operate the device. 

Figure 3 is the mass spectrometer output of the background or environment 
and figure 4 is the mass spectrometer output from a surface of the metal surface 
with the blind threaded holes. As is apparent, the latter shows a generally higher 
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measurements throughout. Although not done for this demonstration, analysis of 
each output and comparison of the results will yield information regarding the type 
and quantity of chemical contaminants present on the surface being measured. 

As is apparent, one advantage of the inventive device is its simplicity. The 
portable device does not require means for separating one or more gas components 
from the gaseous material in the chamber prior to being analyzed in the mass 
spectrometer. Specifically, outgas to be analyzed does not travel through a 
separation chamber where one or more gaseous components are removed before 
the sample enters the spectrometer. 

The present invention can be employed to analyze any gaseous substance 
that can detected with a mass spectrometer. While a preferred method of use is to 
detect outgas which is generated by foreign or contaminant material on any article, 
it is understood that the method can also be employed to measure gases that are 
normal to a particular device as well. 

An apparatus has been developed to allow vacuum outgas test qualification 
of assemblies with large, flat surfaces that include blind or through threaded holes. 
The apparatus is used on assemblies that are too large to be qualified in any of the 
existing vacuum outgas test chambers. The system is portable and can be adapted 
to various surface configurations by shaping the interface port. 

Although only preferred embodiments of the invention are specifically 
disclosed and described above, it will be appreciated that many modifications and 
variations of the present invention are possible in light of the above teachings and 
within the purview of the appended claims without departing from the spirit and 
intended scope of the invention. 


